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SPECIFICATION 



To all whom it may concern: 

Be It Known, That we, MARK E.KEETON, THOMAS J. OBRINGER, 

RICHARD D PUCKETT and JEFFREY S. DENTON, of Kettering, OH, Vandaba, OH, 
Miatnisburg, OH and Springboro, OH, respectively, have invented certain new and useful 
improvements in THERMAL TRANSFER RIBBON WITH END OF RIBBON 
MARKERS of which we declare the following to be a fuU, clear and exact description: 
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THERMAL TRANSFER R.BBOM WITH END OF RIBBON MARKERS 

^^^'^^l^^en.ion .,a.s ,o ...a, .ans,. prtn«n, «.ere,n ..as a. 

having "end of ribbon" markers. 

^ ::: s jas ... a...« o.... 

p«ng 0. macHne-^adable bar codes and ^[^^^^^^ 
Th. mem^al t^sfer process provides g.«a, - • 

P*'®"**' ,„ • .A m Blose et al. on May 16, 1972; 

U S Patent No. 3,663,278, issued to J.H. Blose, 

U.S. Patent No. 4,31 5,643, issued to Y. Tokunaga, et al. on 

arP^t^Ncs. 4,628,000, 4,923,743, 5,128,308 and 5,248,652, issued to 

^"rr:.l.e83,446,issuedtoTa„i.c.eta,.on.ar^^ 

U S Patent No. 4,988,563, issued to Wehr on January 29, 1991 , and 

r rt:::; ^^1^ - as . 

Po.et::erpl::e .PE. ..ester is co..only used. T.e — layer 
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K- K .^n^fers ink also referred to as the thermal transfer layer, is positioned on 
: : , : : l l and . ^.^^ oca. . .p^anv positioned 

on tht other side of the poiyethylene terephthalate su^trate to simplify passage 

Pinter man— speo^ that a sliver re,^. 
„^ler must be attached to the end of the ribbon that tnps a sensor to stop^ 
Z' .or a Hbbon change, aher manufacturers reculre a clear trailer where, .h. 
s transmitted through the dbbon thpplng a sensor and -PP'"^ P 
conven«ona. -efleoth^e t»ler sho«n in FIG. 1, «hich Is typ,cally 20 «ches " 
Z U.S. Patent 4,985,292 describes a,tema..e embodiments where,n e^ 
ml are printed on a portion of a them.al tmnsfer nbbon e«,er as a long 

no Patent 5 721,068 discloses methods of 
continuous strip or in segments. U.S. Patent 5,/^i,u 
making sensor mart<s on a thennai transfer nbbon using them,alV meltable ink. 

Short .ngth reflective segments have been used as markers ,n nbbons for 

impact printing such as type«hter ribbons. For example, U.S. Patent No. 2,174,35 

impact priming »k .,„, „„iteH to a tvoewrlter ribbon to catch 

discloses the use of a Dana oiaiu u...K-"-rr „ . ,,K«RCd 

,he eye of the operator and s^nal the end of the ribbon. U.S. Patents 4,655,624 
175 110,229 d-^close the use of re«ectK,e aluminum sheets for use with 
photosensors to detect the end of a ribbon such as a -VPew^- ^"- f " ^ ' 
ribbon sensors for typewrite, ribbons are also dlsdosed in U.S. Patents 4,1 5,013^ 
146 388, 4,428,695 and 5,150,977. U.S. Patent Ho. 4,401,394 discloses a 

reflecting tape segment and a clear transparent tape segment near *s end. 

ConventJa, themia, transfer ribbons may have a trailer positioned on an 
end thereof which is attached to the spool. The trailer has simple functions and 
here are many mater'^ls wh.h will meet the physical property reguireme 
necessary for the trailer to perform these simple functions. The materials use or 
he ralll of the them,al transfer ribbons may be identic, to the substrate o the 
Temia. transfer ribbon and so they can be synthetic resins such as polyethylene 
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.erephthalate (PET) polyester .ilms. They can also be o. a .h,cKness g ea. han 
„e o,yes.er ribbon substmte (about 1 to 1,5 mi,) so as to provide greater stones 
or they can be o, a different n,ateri^ such as paper. These traiie-s can be adhered 
to one end o, the polyester substrate wKh conventtona. pressure sensifve adhesn,e 
.ape The other end o. these trailers is typically attached to the spool upon vvh,ch 
the thennal transfer ribbon is stored «ith conventional pressure sens«K,e adhes,ve 



tape. 



StimiT>? ''Y Invention 

The present invention provides themial transfer ribbons with a small refleCve 

sensor mari<er positioned on an end of the them,al transfer ribbon. The reflec.,«e 
sensor mari<er perm«s the detection of the end of the thermal transfer nbbon by a 
sensor w«hin a them,al transfer printer. The sensor stops the them-al — 
printerfrom printing once a predetermined amount o, light reflected f^m t e . er^al 
Lsfer ribbon . dete^ed, allowing the ribbon to be replaced. The small re,lec.,ve 

. rofiortinn surface having a dimension along 

sensor marker compnses a !."-y^ "M ^ -■ 

the length of the ribbon of at least 0.5 Inches and less than ten inches pre e.Wy 
less than 5 inches, more preferably less than 2 inches, and most preferably from 
about 1 inch to about 2 inches. 

The present invention also provides dual use them^ai transfer ribbons with 
two -end of ribbon" mart<e,s. These themral transfer ribbons have both a reflate 
sensor marker and a t^sparent sensor mari<er which pem.it the detection o the 
end of said themial transfer ribbon by two different types of sensors. These 
different sensors are typteal^ w«hin different types of them,al transfer printe^. 
Detection of a predetermined amount of reflected or transmSted light from the 
themral t^nsfer ribbon by the appropriate sensor will stop the themral transfer 
printer from printing and allow the ribbon to be changed. 



4 
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« has been discovered ma. a small reflexive surface such as a reflective ,ape 
of a small size can replace a long redeC^/e frailer and s«ll aCivafe sensors 
1 ai^ wL convenfional ..em^al transfer pHnfe... ™s -ll^^-^X 
can be used w«h transparent sensor markers to allow use of tt,e themtal transfer 
ribbon in different types of themial transfer printers. 

Figure 1 illustrates a conventional themial transfer Hbbon 5 that ,s spent The 
functional portion 100 has been wound around a spool tf during ~ 
toiler 1 is pos«loned on the end of the ribbon anached to functional portion 100. 

Jre 2 illustrates a themial transfer ribbon o, this Invention 15 wh,ch ,s also 
.pent FuncHonal portion 100 has been wound on spool 11 during use. 
I parent trailer 3 is posltK>ned at the end of the ribbon attached to function 
;Z 100, and reflective sensor mar. 2 . a reflective InK printed over transparent 

'"'"the themial transfer ribbon of the present invention comprises a functlor,al 
porflon Which comprises a substrate and a then.a, transfer layer. This po^n o *e 

^ ... ... c.hQtmte comorises a synthetic resin, 

thermal transfer ribbon proviuBs H""^- ■ u*i,.iot^ 

Ich is preferably a po^ester and mo. preferably a pCethylene erepMh.^ 
(PET) polyester or polyethylene naphthalate polyester. A themial trans e a^ 
,unc onanayer, is positioned on this substrate. The thickness o, the substrate ^ 
ary widely and is preferably from 3 to 50 microns when a polyester po,m r. - 
0, about 4.5 micron thickness are most preferred. The polyester substrate d ^ 
the width of the .hernial transfer ribbon, which falls within the range o 1 to 10 
inches The poWester substrates have high tensile strength and are easy to handle 
:n papain and use of .he thenna. transfer ribbon. The polyester subs^es 
provide thL p^pertles at a minimum .h.kness and low hea, res,s.ance .o p ro 
L life of me heating elements within themial print heads. To minimize pnnt head 
wear the polyester substmtes preferab^ have a silicone resin back coating 
comprised o. high molecular weight polydimethylslloxanes such as those available 
from General Electhc Company and Dow Coming Corporation. 
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A .hem,al transfer layer is positioned on this substrate. Any conventional 
tnerma, transfer layer su«ab,e for use in the thennal transfer ribbons of this 
invention. The thecal transfer laye. of the *bons of this '^^^^J^^^ 
comprise a wax, a sensible material, and a themtoplastic resin binde . ^e the-^a 
.ran ,er layer (functional layer) prefe^bly has a softening point *,n the rang o 
,.out 50»C to 250»C »hich enables transfer at nom,a, P^"' ''-^ ^^^^^ 
range from about 100"C to 250"C and more typically from about 100 C o 50 C. 
The coat weight of the themtal transfer layer typically ranges from 1 .9 to 4.3 g/m 

The thennal transfer layers of the themtal transfer ribbons of this invention 
preferably comprise wax as a main dry component. Suitable waxes prov,de 
emperature sensitivity and flexibility. Examples include natural waxes such as 
camauba wax, rice bran wax, bees wax, lanolin, oandelilla wax, motan wax and 
ceresine wax; petroleum waxes such as paraffin wax and n,icroon,sta,l,ne waxes 
synthetic hydrocarbon waxes such as low molecular weight polyethylene and Bshe. 
Tropsch wax; higher fatty acids such as lauric acid, myristic acid, palm.o acd^ 

.... ...... u-..w«r oMnh«tir. alcohol such as stearyl alcohol and 

stearic acid and oeneim; awu, ii.y..w. «..r- — 

esters such as sucrose fatty acid esters, sorbitane fatty acid esters and am.des^ 
The wax-like substances preferably have a melting point less than 200 C and 
preferably from 40»C to 130»C. The amount of wax in the themtal " layer is 
preferably above 25 weight percent and most preferably ranges from 25 to 85 
percent by weight, based on the weight of dry ingredients. 

Although waxes can be used as the sole binder component, the themtal 
transfer layers of the themtal transfer ribbons of this invention may also compnse a 
binder resin. Suitable binder resins a™ those conventionally used in thermal 
transfer layers. These binder resins include them,oplastic resins and react,ve 

resins such as epoxy resins. 

Suttable them^oplastic binder resins include those descnbed m U.S. Patent 
Nos 5 240 781 and U.S. 5,348,348 which have a melting point of less than 300»C, 
preferably from 100«C to 225-C. Examples of suitable thermoplastic mains include 
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polWinyl CloHde, po^inyl acetate, viny, CoHde-viny, acetate copoy^e^^ 
poirethylene, polypropytene, polyacetal, ethylene-vinyl acetate copolynners ethylene 
; copcyn-e., ethylene-ethy, acetate copotyrne., polys^en. 

styLe copolymers, polyamide. ethylcellulose, epoxy »sin, xylene res, , etone 
1, petro eun, resin, terpene resin, polyurethane resin, pe^inyl buty-yl, styrene 
...ad, ne rubber, satu^ted polyesters, styrene-alM (-*)ac,ylate copo^er, 
ethylene al^ (meth,ac^la.e copolymers. Suitable saturated po^este. arejurthe 
aeLibed in U.S. Patent No. 4,983,446. Thennoplastlc resins are 'V 
in an amount of from 2 to 35 weight percent based on the total dry ,ngred,ents o. the 

thermal transfer layer. ,,„u,mori 
suitable reactive binder components include epoxy resins and a polymer, 
..ion initiator ,cross«er,. Suitable epoxy resins include «.ose that have at 
W.0 oxirane groups such as epoxy novolak ,es,ns obta,n«. by « 
eplchlorohydHn with phenol/tonnaldehyde condensates or creso .orm« 
c ndensates. Another p^ferred epoxy resin is polyglycidyl ether polyme. bt.n«, 

° ,.. .... , „„K,h„nrnw monomer such as 1 ,4 butanediol. 

by reaction otepicnioronyuiiii ...... "K-j- j 

/space example o, su«able epoxy novolak resin is Epon -,lable rem he^ 
Chemteal Company. A spec«te example of the polyglycidyl ether ,s ava,lable from 
Ciba-Geigy Corporation under the trade name A^ldit^ GT 7013. The epoxy res, 
are preferably employed with a cn^ssllnker which aC^^ates upon exposure to the 
heat from a themral print head. Prefened c«>ss,inKers include ^^^^'^^ '^^^ 
least two primal or secondary amine groups. Examples being Epi-cure P10 and 
Ancamme 2014FG available from Shell Chemical Company and Air Produces, r^ 
spectlvely. Accelerators such as triglycidyllsccyanurate can be used wrth tt^^e 
cLsllnker to accelerate the reaction. When used, the epoxy '^'^^ ^'^^ 
comprise mo^ than 25 weight percent of the themial transfer layer based on d,, 
components in view of their low v W Waxes are typical^ not necessa,, when 
reactive epoxy resins fom, the binder. Them,oplastic resins may compnse the only 
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binder component for selected thermea transfer layers »here at leas, a portion of the 
resins are of low molecular weight. . , u- u 

The thermal transfer layers p« also contain a sensible — wh,ch 
capable of being sensed visually, by optical means, by magnetic means, by 
LLonductive means or by photoelectHc means. Ttre sensible — . 
„ a coloring agen., such as a dye or pigment, or magnetrc partes o^ a 
Lrity ink which is not visible to the naked human eye. Any coloring agen used ,n 
conventional ink ribbons is su«able, Including carbon black and a variety o, organ, 
and morgans coloring pigments and dyes, examples of wh,ch nciude 
phthalocyanlne dyes, fluo-Bscent naphthallmide dyes and others such as cadm.um, 
primrose, chrome yelk,w, uKra marine blue, t»anlum dio»de, zinc oxrde, ,ron ox,<^ 
obalt oxide, nlcke, oxide, etc. Examples of sensible materi^s rnclude th se 
bribed in U.S. Patent No. 3,663,278 and U.S. Patent No. 4,923,749. React^e 
dyes such as leuco dyes are also suitable. In the case of magnetic them,al prin„ng, 
the themral transfer layer includes a magnetic pigment or particles for use . 

. . ♦ oharartPrR. This Dfovldes the advantage 

imaging to enable macnine lettumy 

of encoding or imaging the substrate with a magnette signal inducible ,nk. 

The themial transfer layers may also contain conventional addtoves such as 
plasticizers, viscosity modifiers, tackiflers, silicone resins etc. 

suitable thermal transfer layers include those that contain a mixture of waxes 
such as paraffin wax, camauba wax and hydrocari>on wax. W«h mixtures of waxes, 
a thennoplastic resin binder is typically also employed. 

The coating fomrulations that provide the thermal transfer layers can be 
n,ade by conventional processes such as by mixing a hydrocart^on wax, parafhn 
wax, camauba wax and themroplastic po^mer resin for about -™t-J' « 
temperature of about 190"F in water or organic solvent, after which carbon btok 
and black ink ar. added and ground In an attritor at about 140"F to 160"F for about 
two hours. 
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The thecal transfer layers oar, be applied to the ribbon substrate from a 
solution dispersion or emulsion of the components using conventional techniques 
and equipment such as a Meyer Rod or similar wire round doctor bar set up on a 
conventional coating machine to provide the coating weights described above. A 
temperatu,^ of about 160°F is maintained during the entire coating process. After 
the coating fom^ulation is applied, it is optionally passed through a d^er a, an 
elevated temperature to ensure dr^ng and adherence of the them,al transfer layer 

to the substrate. .u. „rf„i 

The reflective sensor marker used in this invention is posmoned on the end of 
,he then^al transfer ribbon. The refleC^^e sensor mari<er can be posftioned directly 
on the them^al transfer layer or on the side of the ribbon opposite the themtal 
transfer layer or the reflective sensor mari<er they can be positioned on a trailer 
attached to the functional portion of the ribbon. 

The reflective sensor mari<er comprises a single light reflecting surface of a 
size that pemtits a sensor within a themial transfer printer to detect a predetemn.ned 

„ m=.rf«.r rtiirino Drintina. The light reflecting 

amount of retlectea iigni on mo niuv...a • 

surface must have a dimension of at leas. 0.5 inches and less than 10 inches along 
,he length of the ribbon to pem,it detection. Lengths of .75 inch, 1.0 inch, 2.0 
inches, 3.0 inches, and up to 10 inches may also be used. With lengths beyond 5 
inches there is little advantage over a reflective trailer. Therefore, the d— 
along the length of the ribbon is p^ferably less than 5 inches and more preferably 
less than 2 inches. Most preferably, the dimension along the length of the nbbon ,s 
from about 1 .0 inch to about 2.0 inches. 

In prefen^d embodiments the single light-reflecting surface Is also equal ,n 
width to the ribbon. Preferably, the light reflecting surface has an area from W to 
10W square inches, where "W is the width of the themial transfer ribbon In inches. 

The reflective sensor mart<er can comprise a reflective material such as fori 
adhered to the end of the ribbon or it can be an ink with reflective pigments pnnted 
on the ribbon. The use of adhered reflective material is simpler and preferred. 
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The thermal transfer layers of this invention may employ a trailer. When 
used the reflective sensor marker appears on the trailer. These optional trailers 
may be attached to the polyester substrate with adhesive after the thermal transfer 
layer is applied and after any silicone resin back coat is applied. The trailers may be 
transparent or made of paper. Alternatively, it may be desirable to remove a portion 
of the thermal transfer layer and optionally any silicone resin back coat from the 
substrate to expose the polyester substrate and provide a trailer. Another 
alternative is to refrain from depositing a themial transfer layer and optionally the 
silicone resin back coat on the end of the substrate. Where the substrate of the 
functional portion is polyethylene terephthalate. the trailer will typically be 
transparent. 

The transparent trailers, when used, are preferably attached directly to the 
substrate by conventional means, preferably with the use of pressure sensitive 
adhesive tape. Transparent trailers preferably comprise the same material as the 
substrate of the ribbon itself, such as the PET polyesters and polyethylene 

naphthalate polyester. 

Preferably, the trailer is sufficiently transparent to pemnit the detection of the 
end of the thermal transfer ribbon by a sensor within a themial transfer printer which 
stops the printer once a predetemiined amount of light transmitted through the 
thermal transfer ribbon is detected. 

The trailer can vary widely in length but at a minimum it is sufficiently long to 
simultaneously permit attachment of one end to a spool which holds the thermal 
transfer ribbon and also permit detection of the reflective sensor marker positioned 
thereon in a thermal transfer printer. The length can range from 5 to 30 inches. 

preferably 10-20 inches. 

Another embodiment of this invention comprises a thermal transfer ribbon 
with both a reflective sensor marker and a transparent sensor mariner positioned on 
an end thereof. The reflective sensor marker and transparent sensor mariner both 
permit the detection of the end of the ribbon by a sensor within a thermal transfer 
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printer adapted to v™ri< with that particular mart<er. This allows the thermal transfer 
ribbon to have dual use in printers with different types of sensors. 

The reflective sensor marker for this embodiment is preferably as defined 
above These ribbons preferably also employ a transparent trailer as the 
transparent sensor mari<er. Perforated paper trailers may be suitable for use ,n 
some printers. The transparent trailer can be adhered to the functional portion of 
the themial transfer ribbon as described above. Altemath/ely, a portion of a 
transparent substrate of the functional portion can form the transparent sensor 

mari<er where the them,al transfer layer Is not present. The transparent sensor 

marker can comprise the entire trailer or only a portion thereof. 

The transparent sensor mart<er preferably has a length of at least 0.5 inch 

and more preferably comprises the entire trailer which preferably ranges in length 

fro 5 to 30 inches. 

The thermal transfer ribbons of the present invention provide all the advan- 
tages of thermal printing. When the thermal transfer ribbon is exposed to the 

1 hr^oH tho thermal transfer layer softens and 

heating elements ot me uiomiai pi mi ..- 

transfers from the ribbon to the receiving substrate. 

Without further elaboration, it is believed that one skilled in the art can. using 
the preceding description, utilize the present invention to its fullest extent. The 
entire disclosure of all applications, patents and publications, cited above and 
below, are hereby incorporated by reference. 

p»of nAscri ption of t he Drawings 

Figure 1 is a representation of a spent themnal transfer ribbon of the prior art. 
Figure 2 is a representation of a spent thermal transfer ribbon of the present 

invention. 



